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Markets
Traditional medicine tradeThere is an active trade in South African Encephalartos species in traditionalmedicine (muthi) outlets throughout
the country. No attempt has been made to date to estimate the number of individual stems damaged by har-
vesters supplying stem fragments (including bark strips) to the markets. To progress from stem fragments to
stem ﬁgures, a plausible technique of enumerating the number of stems fromwhich the fragments were derived
is proposed. The method considered the physical condition, post-harvest age and stem diameter of fragments
identiﬁed to species level. From the samples of 133 cycad fragments purchased in the Johannesburg and Durban
muthimarkets in 2009, it was estimated that they originated from 81 different damaged stems (66% of which
were likely to have been from Encephalartos natalensis). This estimate is a signiﬁcant advance in quantifying
this hitherto unknown aspect of the cycad trade.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Two-thirds of SouthAfrican cycad species are reported to be used for
traditional medicine (muthi) and/or ritual purposes, primarily in the
form of stem material (Cousins et al., 2012), and collection for the
trade has contributed to the declining cycad populations and increased
threats to the species concerned (Donaldson and Bösenberg, 1999). In
previous publications we explored the trade in Encephalartos species
in localmuthimarkets by conceiving quantiﬁcation and species identiﬁ-
cation methodologies appropriate for the genus (Cousins et al., 2011,
2012), including the development of a photographic key to assist
ﬁeldworkers and law enforcement ofﬁcers with the recognition of
taxa from observed or conﬁscated cycad stem fragments (Cousins
et al., 2013) (Fig. 1). This exploratory research is unique for southern
Africa and contributes signiﬁcantly to our capacity to monitor the
cycad trade formuthi and horticultural purposes and thereby effect con-
servation measures for this highly threatened genus. As a consequence
of the publications of Cousins et al. a colleague queried whether, by
reassembling the cycad fragments into complete stems, one could de-
termine how many stems of each size-class were represented in the
muthimarkets. Such a determination would provide a helpful estimate
of the number and size of Encephalartos plants impacted by harvesting
in thewild. An attempt to address this question led to this investigation., steevyc@gmail.com
).
ghts reserved.Our previous papers included a focus on determining the species
from which the fragments had been harvested and the stem diame-
ter size classes thereof (Cousins et al., 2011, 2012). With this infor-
mation, we could attempt an analysis that estimated the number of
stems that the fragments originally came from. Hence, the aim of
this paper is to progress from stem fragments to stem ﬁgures and
to provide guidelines for data collection in markets that answer
key conservation questions.
2. Methods
Two factors need to be considered when estimating the potential
number of cycad stems from which the fragments were originally
derived. Firstly, all the fragments sold represent part of one or more
individual plants and not necessarily the whole stem. Gatherers fre-
quently remove only a portion of the plant material from individual
Encephalartos stems from a population (e.g. Fig. 2), and then several
traders in a market would purchase a proportion of this material from
a gatherer. By the time a resource inventory is conducted during a mar-
ket survey, an unknown proportion of that original quantitywould have
been sold to consumers—thus leaving behind an unknown fraction of
the original material by which to estimate the potential number of
stems. Itwas from this remainingmaterial that sampleswere purchased
for this investigation.
Secondly, since it is unlikely that whole stems can be reassembled
from the fragments at the stalls in the markets, it is the condition of
the fragments (e.g. degree of desiccation and darkening of leaf bases),
Fig. 1. Encephalartos sp. stem fragments in the Faradaymuthimarket. (Photo: V.L.Williams).
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whether the fragments came from unique stems or not. In other words, a
single fragment with characters unlike any other sold alongside it indi-
cates that the material originated from a separate stem. Thus, it was the
condition of the fragments in the markets that was carefully scrutinised
during this investigation.
With these factors in mind, ﬁgures for stem numbers were enumer-
ated from stem fragments as follows:
1. Samples of Encephalartos stem fragments were purchased from
traders in the muthi markets of Faraday (Johannesburg, Gauteng)
(n = 33 samples; total 104 stem pieces) and Warwick (Durban,
KwaZulu-Natal) (n = 23 samples; 29 stem pieces) in 2009
(Table 1). Information on post-harvest age (i.e. approximate age ofFig. 2. An Encephalartos natalensis stem damaged by harvesters. (Photo: J.S. Donaldson).the fragments indicated by the time since harvesting) and harvesting
locality, if known, were noted.
2. Fragments were given a unique code and close-up, high-resolution
photographs were taken of each.
3. Where possible, the fragments were identiﬁed to species and the
diameters of the stems from which the fragments were originally
harvested were estimated as per the methods described in Cousins
et al. (2011, 2012, 2013). Based on the estimated stem diameters,
the fragments were allocated to one of six stem diameter size-
classes (Figs. 3 & 4).
4. Once information on every fragment was collated, the data (includ-
ing photographs) were carefully scrutinised to evaluate whether
the different fragments sold by a trader were likely to have originally
come from the same or different stems and, thus, howmany stems in
total the sample fragments came from. Importantly, the total stem
numbers represent what was in the markets at the time of the
surveys and not the numbers taken to the markets annually.
5. Several assumptions were made in order to estimate the number of
stems:
a. If all the fragments in a samplewere harvested from the same local-
ity, were of the same post-harvest age, were the same species, and
were estimated tohave come froma stemof the same size, then the
fragments in the sample were derived from the same stem.
b. Other stems of the same diameter in an Encephalartos sp. popula-
tion could have been targeted by a harvester. To assess this, the col-
our, the condition and extent of deterioration of the fragments in a
sample were visually compared for differences that indicated that
more than one stem of the same size was harvested.
c. If all the fragments fromone traderwere from the same species, but
were from stems of different sizes and/or post-harvest ages and/or
different localities, then the fragments were harvested from differ-
ent stems.
3. Results and discussion
3.1. Number of species sold per trader
Bark and stem fragments from the 56 samples purchased from traders
in themuthimarkets were identiﬁed to probable species, where possible,
byusing stemand leaf basemorphological characters in tandemwithhar-
vesting locality records (Cousins et al., 2012). Three to four Encephalartos
species each were positively identiﬁed in the Faraday andWarwick mar-
kets (a total ofﬁve species between themarkets), but it is likely thatmore
species were sold than could be identiﬁed (Tables 1 & 2; Figs. 3 & 4). On a
subsequent visit to Faraday, for example, two fragments from the same
stem were identiﬁed as being from Encephalartos ngoyanus, a species
not recorded in the initial Faraday and Warwick survey (Cousins et al.,
2012). On average, each trader had fragments from only one species rep-
resented in the material displayed to customers.
3.2. Condition of the fragments
The post-harvest age of the samples ranged from one week to three
months, although material in Warwick tended to be fresher and had
usually been harvested two to four weeks before the resource survey
was conducted (Table 1). The post-harvest time and the extent of frag-
ment deterioration probably played a role in the difﬁcultywith identify-
ing a larger proportion of the samples from Faraday compared to
Warwick (since Faraday is further away from cycad harvesting localities
in KwaZulu-Natal it takes longer for harvested material to reach Johan-
nesburg than Durban). (In addition to the post-harvest age of the
Encephalartos material on display at the stalls of Faraday vendors
being older, the quantity on display was 4.3 times greater at Faraday
than at Warwick (Cousins et al., 2011). One inference that can be
made from this observation is that because the traditional harvesting
areas for Encephalartos material in KwaZulu-Natal (KZN) are further
Table 1
Comparison of fragments and ﬁgures for Encephalartos spp. sold in the Faraday and Warwick markets during a survey in 2009.
Faraday Warwick Total
No. of traders surveyeda 33 23 56
No. of fragments purchasedb 104 29 133
No. species recorded in the surveyc 3 (maximum 6) 4 (maximum 5) 5 (maximum 7)
Mean no. species per trader (SD) 1.03 ± 0.17 1.04 ± 0.21 1.04 ± 0.19
Post-harvest aged: range 2 weeks to 3 months 1 week to 3 months 1 week to 3 months
Post-harvest age: mean 1.5 months 1 month 1.25 months
No. of stems 54 27 81
Mean no. stems per traderf 1.61 ± 0.66 1.13 ± 0.46 1.41 ± 0.63
Estimated no. stems damaged per annum 425g 312g 737
a The total number of traders that openly sold cycads in the respective markets.
b Fewer samples were purchased fromWarwick because the survey was conducted during one ﬁeld trip, whereas samples from Faraday were purchased during several visits to the
market (but never from the same trader).
c The maximum includes species of uncertain identiﬁcation.
d Post-harvest age indicates the approximate length of time the fragments have been in the market and hence the time since harvesting.
e The total number of stems counted from all the fragments in the samples purchased, and not the entire stock at a trader's stall in a market. There was no accounting for material
harvested from one stem that was sold to two different traders by a harvester.
f The mean number of stems represented by the fragments purchased per sample per trader.
g An upper-bound estimate based on the method used (see text). The degree of damage per stem could range from small patches of bark removal, to ringbarking and stem removal.
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cy for traders in Johannesburg to purchase larger quantities at one time
from the harvesters.3.3. Stems represented by the sample fragments
The 104 cycad fragments purchased from Faradaywere estimated to
have beenharvested from54different stems,mostly from Encephalartos
natalensis (Fig. 3; Tables 1 & 2). In contrast, the 29 fragments purchased
from Warwick were most likely obtained from 27 stems, and mostly
from Encephalartos villosus (Fig. 4; Table 2). While the fragments repre-
sented a mean of 1.6 and 1.1 stems per trader in the samples purchased
from the Faraday and Warwick markets respectively (Table 1), one
must consider that the purchased specimens only represent a propor-
tion of the total stock displayed by each trader. Hence, these stem
counts could be lower-boundestimates if one considers that the propor-
tion of cycad fragments remaining at a stall after the samples were pur-
chased could possibly amount to more stems. However, without having
examined every stem fragment for sale in the market, it is difﬁcult to es-
timate howmanymore stems might have been enumerated had a com-
plete stocktake been conducted. Simultaneously, the ﬁgures couldFig. 3. Number of Encephalartos spp. stems per species per sizinclude stems counted more than once when considering that material
from one plant would probably have been sold to several traders.
The degree of damage to individual Encephalartos stems by harvesters
may be species-speciﬁc and vary from total or partial stem removal
for dwarf arborescent and subterranean species such as Encephalartos
ghellinckii and. E. villosus respectively, to cases where only patches of
bark are removed (e.g. 17% damage to the E. natalensis stem in Fig. 2). Ac-
cordingly, the degree of damage to the 81 stems represented in the two
marketswould range frompartial bark removal to complete stem remov-
al and hence plant mortality—but one has no way of knowing what the
harvester actually did without having interviewed the harvester and/or
visited the population in question.3.4. Number of stems damaged annually
We attempted to derive annual ﬁgures for the number of stems
brought into themarkets by harvesters. Since traders are not privy to in-
formation from their suppliers on the number of stems damaged during
harvesting, and they are reluctant to answer any cycad-related trade
queries, an option for deriving annual ﬁgures was to use measureable
market statistics such as the post-harvest fragment age as a proxy fore class estimated for the Faraday market (Johannesburg).
Fig. 4. Number of Encephalartos spp. stems per species per size class estimated for the Warwick market (Durban).
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harvested was one month, then traders might buy cycad stem material
at least once a month. Estimates of the number of damaged stems rep-
resented by the sliced up stem material brought to Faraday annually
were thus calculated as follows: 1.61 stems per trader purchased by 33
traders every 1.5 months (i.e. mean post-harvest time) (Table 1) equate
to 425 stems damaged per year. Estimates of the number of stems
brought to Warwick annually were calculated as follows: 1.13 stems
per trader purchased by 23 traders once a month (Table 1) equate to
312 stems damaged per year. This method might overestimate the total
number of stems if fragments remain in the market longer than the
post-harvest age indicates.
3.5. Alternative types of market information to quantify the cycad trade
Our quantiﬁcation approach entailed devising a plausible method of
counting stems by using data available from a study that had not been
initiated with this objective in mind. Hence, there are additional data
thatwould have beenhelpful such as: (i) larger sampleswithmore frag-
ments to account for the possibility of more stems and species being
represented in the stock at the trader's stall—however, this would
have encouraged traders to replace the stock and thus cause more
destructive harvesting; (ii) in order to ascertain throughput, speciﬁc
trade data on the volume, frequency and seasonality of cycad purchases
from the harvesters (or, equivalent data if the market trader also har-
vests the plants); (iii) from the harvesters: an understanding of the pro-
cess by which plants are selected for harvesting, harvesting methods,
and choices made with respect to damaging part or all of a stem; andTable 2
The number of stems per species per market estimated to be represented by the fragments.
Species No. stems per market a
Faraday W
E. ferox G.Bertol. 0 2
E. ghellinckii Lem. 6 2
E. natalensis R.A.Dyer & I.Verd. 44 9
E. senticosus Vorster 2 0
E. villosus Lem. 0 12
Uncertain species b 2 2
Total stem count 54 27
a Note: these are not necessarily completely harvested stems; harvesting from individual stem
b includes fragments resembling Encephalartos lebomboensis I.Verd., E. ngoyanus I.Verd. and(iv) from the market traders: information on stock replacement and
whether new material is purchased before the older fragments are
sold. There are, however, practical limitations to collecting the data in
points (ii) to (iv), namely that traders are very reticent to discuss cycads
since they are cognizant of the illegality of the trade and harvesters have
been arrested in thepast for being in possession of these plants. Hence, a
more creative and less intrusive surrogate means would be required to
address these knowledge gaps.
4. Conclusion
Plausible ﬁgures for the number of Encephalartos stems damaged by
harvesters for the traditional medicine trade can be estimated from
stem fragments. The estimate that sampled cycad fragments in themar-
kets were derived from 81 damaged stems (66% of which were likely to
be from E. natalensis) is a signiﬁcant advance in quantifying this hitherto
unknown aspect of the trade. The impact of harvesting Encephalartos
stem material for the traditional medicine trade has typically been in-
ferred from ﬁeld observations that noted the destructive damage done
to plants within populations targeted by harvesters. While ﬁeld obser-
vations may reveal which species and populations are being targeted,
and therefore how severe the impact is likely to be on population demo-
graphics, programmes to routinely monitor cycad populations are fre-
quently hampered by resource and capacity constraints. Hence, muthi
market investigations offer a unique source of information that aids as-
sessments of the degree of harvesting and thus provide a proxy for the
condition of the resource in thewild (Williams, 2007). Ideally, appropri-
ate data should be collected in the markets and the resultsTotal stem count a % of stems
arwick
2 2%
8 10%
53 65%
2 2%
12 15%
4 5%
81
s could have ranged from the removal of a fragment (e.g. Fig. 2) to complete stemdamage.
E. villosus.
246 V.L. Williams et al. / South African Journal of Botany 93 (2014) 242–246integrated with ﬁeld observations to determine the robustness of the
estimates.
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